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ABSTRACT 

Current developments in an experiment on Computer 
Communications via .the ATS-1 geosynchronous satellite are described. 
Initiated by the Spacecraft Data Systems Branch of the Ames Research 
Center, NASA, this experiment is designed to demonstrate the 
feasibility of utilizing satellite communication links to provide 
computer-computer and terminal-computer communications between 
remotely located areas. In order that the experiment be conducted 
under realistic conditions, computing facilities at the University of 
Hawaii and the University of Alaska are connected tq the Advanced 
Research Projects Agency computer net via an ATS-1 VHF link to the 
NASA-Ames Research Center. A detailed description of the experiment 
is provided, in the ATS-t Computer Communications Experiment Plan, 
attached as Appendix A. (SK) 
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STATUS REPORT ON UH/ALOIIA PARTICIPATION 
IN THE ATS-1 COMPUTER COMMUNICATIONS EXPERIMENT 



In Jaruary, 1972, the Spacecraft Dau Systems Branch of th<? Mes Research 
Center, NAS\, initiate*! an experiment in Comjwtcr Conrtmications via the ATS-1 
jcosy-nchronous satellite. This cxperuTient is designed to dcpK>nstrate the 
fe^ir-ibility of utilizing satellite corrunication links to provide computer- 
coT'.iwter and teminal-conpiitcr caxunications between ranotely located sites. 
In order tKit the cxperirent be conJucted ujvder realistic cor^itions, comjuting 
facilities at the University of Ihwjii (Ull) and the University of Alaska (UA) 
are bijing connected to the Advanced Research Piojects Agency (ARPA) ccntxiter 
net via an ArS-1 UU' Inik to the K/\S\ - A-nes Research Center (AKC). The ATS-X 
Via- trnnsponJcr is being utilized as a broadcast repeater for the three above- 
r.cntionul n(x:es, vath U.e satellite rctwrk operating in the AUIIA randcro- 
access burst nxxle. A detailed description of the cxpcrijnent is conuined in 
the ATS-1 Cor^puter Connunications Hxperijnent Plan, attached as Appendix A. 

Ni\S\'s objectives in Uiis experiment may be si^niurizod in tw) broad Areas: 
• Sate 1 1 it r Cc"7rA'\icaticKe Lirko 

• Dctemine oplirun channrl coding aixl modulation/dcnvodulation techniques 

• Develop quick acquisition tcclmiques for burst dau transmissions. 

• Lvaluite clumicl cluractenstics including: 
LTfects of dMroral zone; on data transmissions. 
Error burst a:Kl interference plienocicru. 



David W. Wax 
University of Havaii (ALOIA) 
February 28, 1974 



VLOIIA PARTICIPATION 
WNICATIONS EXPERIMENT ' 



Systems Branch of the Ames Research 
Con^putcr Conrtmications via X}\c ATS-1 

IS designed to dc^wnstratc the 
ication links to provide computer- 
ions between remotely located sites, 
ujuler realistic coi\litions, comvuting 
H) and the University of Alaska (UA) 
rch riojects Agency (/WA) ccnpiter 
.Ties Rcbcarch Center (AKC). The ATS-1 
•oadcast repeater for the three abo\'e- 
>rk operating in the ALOIIA rajxJan- 
)n of tlie cxperunent is conUined in 
Rent Plan, attached as AppcndU A. 
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m Ccnputer tIetuorkiKg 

. Develop nctvork protocol strategies for opcratirg with: 
Two diverse netvOTks: ARPA Net and AUILV N'et. 
Individual rmote termuuls via satellite into ARTA Ket. 
• Devise efficient coiminication strategies for interactive ccnpiter 
use to accaunodate the transmission path delay time. 
Tne objectives of UlVALOIA. as a participant in the Mpcrinent. are »L-.ilar 
though sancwlat different in wiphasis. 



UlVALaiA PARTICirATION 

In torch. 1972. a set of comunications cquifiticnt v:is delivernl tc the 
ALaiA rroject frcr. K,\SVAVIES to en..ble UH/ALOlA's participation in the experi- 
ment This wpjipncnt consisted of a ncxiifiod \11F r.obile radio base station, 
tvo sets of Ulf antemus. a iOI Bit S>-nchrcni.er. a psvcdorroxlcrr. bit sc<T.ence 
generator and error detector, ard vnricxis interf..ce units. The radio vr.s 
modified to provide burst tran..=r.i5Sion under digital control, trve IM. and by- 
passing of internal audio circuits in-order to use the full Mndw.dU, -.paoUity 
of the receivers. Each antenna co^isted of a four-b.iy crossc-d d>pole array 
to provide gam circular pol,.ri:ation. The tyo arrays were set up en top 
of the old AUllA laboratory building separated as far as possible. U.vfortun.nc- 
ly the distaiKe vas not great enough a«l the transit power leai^ing over to 
the receiving array desensitised the receiver so that ve .ere unable to listen 
to our ow„ tran^ission. Vshen the ALQW lab v,s n»ved to Its present locaticn 
i;, Holies lUll. the antenna, v,rc separated enc^gh so that this problem no lo:,ser 

I 

exists. 



,g and modulation/demodulation techniques. 

Uques for burst daU transmissions. 

ICS including; 
data transmissions . 
plietwricna. 



ERROR RATT ^tb^SlM^t^^fri 

•n.c data modulation teclu.ique chosen by ATX for tlas cxperir.ent is syvc^so. 
nous rSK since it is the easiest .ml le.st expensive to irplc-cnt. .Initinl 
testing consisted of contUiuous psuedoroixlcxn bit se-^uencc transmissions fron 
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ARC to ini/AlfllA, and vice-versa, using the ATS-I VJiF transponder. The Univer- 
sity of Alaska also coopcratod in these tests. The recovered clock from the bit 
s>TKhroiuzcr and the error output fron the error detector were fed to a ratio 
counter to provide dircct-rcadiiig of error rate. Figure 1 shows the ALQU 
gruutd station setup for the tests. Tables 1, 2 and 3 are cxajnples of error 
readings rjJe at U!I/AIX3IA dunng the early tests. It should be noted that the 
chwinncl wus beiMg p-jslitxl to its full capacity since daU was being transniittcxl 
at rates of about 10 Klil^ aiKl 20 KliPS through receivers with 10 K3IZ and 20 KlIZ 
Kindv.;Jih, rcsprx;t ively. Also, the satellite was openting in us low power 
mode uhc-i Uicse tests were rude, which is 6 dB below full power. Also note that 
the tcits were rwiJc at night wlien interftruig signals were at a miniiMn. IXiring 
t).c day the local interference was nuch worse and there were periods when the 
receivir- c»uiir.cl was completely blocked by interfering signals. 

By looKirg at the data, one can sec when noise bursts or interfering signals 
occur. n»o error readings correlated closely w.th noise observed on an oscil- 
loscope ditplay of the baseband sign.il. The noise and interference problms 
were greatly rcxlucc^l when Uie ajitcnn^s were later movLxI to llotos Jlall and the 
rcceivirj array rtlwilt and rciuncd to onprove circular polari:ation eccen- 
tricity And bean pnieni. 

Recent tcs-ts, using the present cquiiment configuration, with the ATS-l 
\1IF transiK>-iJer m the full-po^.er rnxle, arxi during the daylight hours, have 
iulicatcxJ error rates m the order of 1 x ^O'' at 10 KBl>S. Measurements of the 
power received fron the spacecraft indicate an average C/N ratio of 17 dB for 
the 20 MC baiUwiJth receiver. Vns is well above the threshold level of 
the receiver aiJ t)us supix)rts the observation that errors are due prirurily 
to i:r.;..lse noise bursts Oi.d sipul interference, and not to receiver front-end 
thenul noise. This observation is not surprisuig and should be expected for 
low-level received signals in the band, due to the large minbcr of potcn- 
tially interfering abaters in this baiU. Tt^e density of nvin-nade noise in an 
urban area, such as autor.obile ignition noise, al.o is quite strong at V1U\ 

Ihc foregoing obsen'ations indicate the necxl for soire fon.i of data cnccxling 
to cc.bat the effects of noise in Uic cJumicl aixi to i^rovc the channel re- 
liability, m: lui chosen to use convoluiional coding for fonaid crror- 
corrcction on this donnel. A UN-^MilT >icx3el LW015 Convolutional Decoder/ 
Vilcrbi Dc-oder unit was sent to Wl/ALOU by AJ^C about the tmc the error 
n.asar.^ shown in Tables 1, 2 and 3 uerc being i^n. Ihis wut uses a rate 
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Table 1 

ERROR RATE MEASUREMENTS OVER ATS-X LINK 

t 

DATE; May 3, Iff 2 

TIME: 2016 to 2029 Hours, Hawaiian Standard Time 
DATA RATEt 10 KBS (Narrow Band Receiver) 
DATA SOURCE t Ames Research Center 



Error Counts Per 10 Bits 



922 


29 


770 


1156 


185 


63 


905 


2 


j96 


863 


1 


412 


245 


154 


166 


573 


142 


28 


143 


490 


128 


1222 


37 2 


253 


985 


42 


4 


794 


245 


14 


172 


514 


142 


2 


87 


56 


5 


810 


193 


49 


745 


300 


41 


1 


380 


18 


0 


2 


2 


1 


192 


3 


0 


383 


0 


1 




2 


3 


END 


7 


2 




3 


3 




50 


3 




5 


203 




31 


180 




5 


248 




70 


1 




2 


2 




. 5 


537 





7 
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Table 2 










LINK 






ERROR RATE MEASUREMENTS 


OVER ATS- 


-1 LINK 










DATE: 


May 17, 1972 










• 


Hawaiian Standard 


Time 




TIME: 


2030 


to 2045 Hours, Hawaiian Standard Time 




Band Receiver) 






DATA RATE: 


21.14 KBS 


(Wide 


Band 


Receiver) 






h Center 






DATA SOURCE: 


Antes Re. earch 


Center 






« 

Its Per 10 Bits 










Error 


Count 


s Per 


10' Bits 






29 770 










2 


2 




0 


28 


13 


185 63 










0 


0 




16 


42 


S 


2 j96 






3 




0 


3 




3 


64 


52 


1 412 










0 


X 




78 


114 


62 


154 166 










7 


*2 




69 


105 


159 


142 28 










9 


11 




11 


86 


146 


490 128 






\ 




4 


5 




0 


75 


107 


372 253 










1 


14 




1 


122 


10 


42 4 






48 




0 


2 




2 


14 8 


9 


245 14 






31 




0 


28 




2 


114 


1 


514 142 






48 




0 


14 




5 


123 


3 


87 56 






* 0 






28 




D 


71 


6 


eiO 193 






0 




0 


76 




9 


75 


2 


745 300 






; 1 




0 


4 




11 


53 


0 


1 380 






1 




0 


1 




14 


29 


0 


0 2 






3 




5 


2 




10 


40 


0 


1 192 






7 




2 


0 




16 


46 




0 383 






9 




44 


1 




40 


157 


END 


1 






6 




1 


0 




9 


254 




3 END 






5 




62 


0 




20 


129 




2 






1 




26 


1 




14 


28 




3 






1 




128 


0 




18 


37 




3 






0 




73 


14 




90 


20 




203 






0 




13 


57 




44 


156 




180 






1 




11 


81 




72 


488 




248 






14 




52 


1 




108 


510 




1 






1 




104 


1 




19 


165 




2 






35 




382 


0 




32 


19 




537 






1 




785 


0 




27 


31 










0 




213 


4 




45 


24 










2 




4 


26 




24 


1 
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Table 3 

ERROR RATE MEASUREMENTS OVER ATS'l LINK 
DATEt May 17, 1972 

TIME'. 2015 to 2030 Hours, Hawaiian Standard Tine 
DATE RATEj 19.14 KBS (Wide Band Receiver) 
DATA SOURCE: Ames Research Center 





Error 


Counts Per 


10^ Bits 






9 


20 


1 


4 


II 


100 


39 


11 


3 


0 


70 


44 


99 


6 


3 


0 


163 


0 




12 


6 


0 


86 


4 




9 


2 


0 


53 


0 




7 


90 


0 


12 


I 




10 


25 


1 


7 


0 


25 


14 


3 


2 


6 


0 


103 


' 5 


0 


2 


1 


0 




8 


27 


13 


2 


11 


208 


3 


1 


5 


7 


1 


447 


13 


3 > 


10 


1 


2 


1062 


30 


3 


2 


3 


10 


324 


195 


99 


1 


0 


2 




2 


1 


0 


1 


0 




202 


0 


1 


4 


0 




1025 


2 


3 


2 


0 




962 


17 


0 


13 


0 




459 


116 


3 


0 


12 




31 


363 


0 


4 


0 




2 


31 


0 


1 


168 




1 


1 


0 


1 


49 




9 


1 


1 


13 


2 




27 


8 


0 


24 


2 




11 


3 


1 


3 


7 


21 


9 


2 


5 


21 


105 




166 


2 


3 


8 


11 




52 


1 


6 


0 


61 


16 


4 


87 


1 


79 




9 


13 


35 


0 


31 


END 


19 


16 


1 


0 


22 
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one-haU, constraint length 7, convolutional code u)d is capable oC full-duplcc 
operation at any data rate up to 100 KBPS (200 K code SNr.bols/sccond) . The 
Vitcrbi decoder accepts as input either hnrd (2 level) or soft (S 1c\t1) 
quantized received data. A codii^g gain (savings in reonired encri:)- per bit to 
noise ratio relative to ideal coJicrent rSK roJulation in additive v!iite Cvj5sian 
noise) m excess of 5 d3 is provided by Vac unit at a 10" bit eiTor rcte vhen 
operating in Uie soft q-jantizcd node. A covrobponding coding gain of greater 
tlian 3 dU IS attained in the luird quaint iiod mode. Uata runs verc per f erred 
using the LV7015 in Uie hard q'untiied node over Uie MIT chjiniiel about the 
same tine the mc? surcnents sho^.n in Tables 1, 2 and 3 vvre rjJc. Ihc c'unncl 
performance ws si^r^if jcantly I'-piovtd wilh error rates in excels of 1 x 10 
very scldan being recorded. Conbidcruig th.it t)ie channel was cxlnbiting an 
un-codcd error rate of about 3 « lO'^ at the tr^e the tests >*cre rude, the 
convolutional encoder/decoder unproved the clunjiel bit error rate by a factor 
greater tlian 300, on tlie avenge, and probably nore for peak error r.Tte5. 

From the above obsen^atiojis, one ruy conclude Hut use of the convolutional 
encoder /d^"Coder can iriprove the AIb-1 \11F ch.jiuiel bit error-rate to atxDut 
1 X 10'^, or better, at the cosf of halving the data rate. One then asks the 
question: Can a like improvcreiit in bit error rate be obtained >*ithojt s-jch 
a large reduction in data rate? To answer tins question, Uil/.VLUIV is presently 
collecting bit error rate data on a per packet basis to .-uulyze tiic groj-mj; 
of error bits within the packets. Sirce sij^nificant ru lers of bit errors sean 
to occur in bursts on this cktnjiel, the idea is to incorj^orate a burst-error 
correcting code xn the c)x:lic-ch(xk code of the p-acket and provide error correc- 
tion cajubility in the p.icket recovery algont.V^ of the receiving digital equip- 
ment. Thus, the use of an additional cncoJcr/d?codcr foij the c)ui'.rel could be 
clinmaicd Adth d reyjlting decrease in hardu-are cost a^kj ce.-'plcMly ar:d, hope- 
fully, a higlier data rate. The view at m/j\lXil\ is that tlie convoluticr-il citcoier/ 
decoder my be providing nuch moie u'^^rovcrx-nt than is nccessao* for efficient 
cluimel throughi^t. This study is being carried on at U;i/ALai\ iiviercixlently of 
the goals of the i\nC cxperLTient. 

IXiriJig the ranabUer of the present AIU^A contract period, lS!/ALaiA will 
collect tlie necessary error statistics and evaluate appropriate err or -cor recti on 
codes for possible use. Hopefully selcctioii and nple.nentation of a ccOe can 
be perfumed during this tine. Concurrently, the ATS-1 digital caTr.mications 
cluimel will be opeKUc\l using the convolut loiul coder/cnccH-lei , asyj.\ing the 
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proper burst syr^chronhing equipment has been received from ARC ^ich will 
allow using the LV7015 unit with ARC's burst forrottcr and synchronizer. 



In Pcccnbcr, 1972, a Packet Fomatter/Synchronizer device was received 
by W{/.UOIL\ from AKC. This device, desipfed and fabricated at ARC for the 
burst corn:nic3tion e<pcrincnt, provides the capability to transmit and receive 
data packets over the ATS-1 VlIF satellite link. The unit provides interface 
control sii:ruls bctv,ccn itself and the UH/ALOIl\ data tcminal equipnciH and 
the radio tr.msnittcr/rcceivcr set. The equipment arranjcncnt, list of control 
ajiJ data sii:njls, and signal tLTung relationship arc shown in Figure 2. The 
packet formatter creates a prcari^le consisting of a sequence of alternating 
i and 0 bits for bit synchronization, followed by a 32 bit sync recognition 
vt>rd for packet S)'nclironization. Once these U»x> sequences have been generated, 
It provides a cJ ear- to- send to the MCilX efiuiijncnt which tiicn sends the i\LOIlA 
pukct forrat, throui^h L\e forrattcr. Tixc S)'nchronizer portion of tlus device 
continuoubly r.onitors received data fro«i Uie bit synchronizer for the sync 
recor,nition word, hlien it detects this word, it flags the MJli\ equij^ment 

the receive data gate. Previous to this 
presa-^cd to have synclironized on the incoming 
seqiience of Ts and O's. The Aljs 1 Packet Forrr.it is shouT^ schcnatically in 
I'lnure 3, Below it is shown a ifcpresentation of U^e AJjOiU Packet l-onrat. 
The forr-itter is eqjippeJ with ^witdies uhich emhlc mamwUy setting; the 
bit s>7ic sc-iuonce length an)vhere fion zero to 959 bits to allo\< exi)erirento- 
tion with sequence Icnf^tlis required to synchronize the Bit Synchronizer unit 
to tl't received t!ata strca-n. lUccpt for tlte AGC le\'cl contiol signal, this 
is tJ'e way the- teminal at iniA\LOPA is presently ccndgurcd. The response of 
the ACC circuit was foiuid to be too slow for burst synclironizing and therefore 
the AGC sij;nal is not used, Rcnoval of tJie ACC level control sems to increase 
the false alan rato only sliijhtly, indicating tliat the sync recognition 
code 15 perfoj-rang effectively. 

One rav note (im Fivure 2 that the convolutional encoder/decoder is not 
sho'..n. Tlic initial teb.tj> are intended to gather data on the burst commication 
channel withojt the aid of error correction in order to gather statistics on 
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action, the bit s>'nchronizcr is 
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Ixirst comanications over the nois^ 
additional option has been iTK:lud« 
different d^ta rates. The UifAUOD 
four different d^ta rates: 1, 2, ] 
can be set to any data rate sirply 
no constraints to c^.\ta rate sclccti 
/ Charged to 2400, 48^0, 9600, xnd 11 
cquijiicnt tc be rore readily uiterl 
sync circuitry acquired to ijKorfX)! 
mcnt to U!lAMXll\ cuid Alaska, then < 
error correction in the channel un, 
sync c.ircuitiy ensures tJwit a coast 
end of the pjckL'^^j^or reliable dcc< 
Tlx burst con sjnicat ions cxpei 
The fiii>t plu^e w-as to operate the 
ATvC being the center not^e. U-I/AUI 
temuuls acccssij.g the /VUXCn* tlu 
AJiC jKTfonnini; ticcessaiy error dct< 
protocol, SLTilaV to the functionw 
m the ARP/NNLT. tX^nng this phase 
teojail did access ♦hc ARTAMT thi 
Station at Ull/Ali3^^^ used aft /MjOIU ^ 
rorrwilter/S>iichroni2cr Unit. The \ 
The Aljai\ TQJ pcrfo.T.'.s the nccessai 
the unit usod was a stajiiard unit i 
comjxjtcr at Al^ perfonnc*d tJic sane 
error rhccki.ig, tra'is-ussicn of ac) 
ajid 2 KBPS. Throui'.l^iiut av 20 KBPS 
ajKl usually good at 2 KBrs. lIov*c\'< 
frequently u^uld have errors, iruii< 
IJU crest ujg effects due to linc-by 
tc^cd to clujacter-by-charncter tn 
on tJie /XKT/VMT, the Une-by-line mc 
to a liost coft'pl icited b> the d< 
AJU: coi!putcr and tlio /MXWIT, Al$< 
ockiKnvlcdp'Ott procedure ever the ! 
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burst cominications over the noisy charjicl at different data rates. An 
additional option has been included in the fomattcr to allow operation at 
different data rates. The WMXSW unit has the cajvibility of opcratir^ at 
four different data rates: 1, 2, 10, and 20 KCrS. Since Uie B\t S>T.chrcnizcr 
can be set to any data rate sirply by dialing in U:e desired rate, it presents 
no constraints to data rate selection. In tJie future tl:cse rates will be 
changed to 2400, 4800, 9600, and 10,200 bits/second to allfx the Alaska 
cjimjiicut ' ^r^adiJymrerfaccd. Wicn ARC has jjfriplelcd the special 

sync ci'- » to ircorporate the LIKKAniT unit, and sent this equip- 

ment to u.i Alask^s, then CAperinents will be pcrforrr.ed using ''^rvnrd 

errcr correction m the channel unJer Uirst rxxie conditions, rsscntially tJiis 
sync circuitiy ci\surcs tint a co*isiraint length of zeroes is ej:cci!cd at xi\c 
end of the packet for reliable decoder tenination. X 

Tlie burst conuiucations txperL-nents have been unplcnentf»f in tvra phases. 
The firit p:«iseVas to operate the satellite ncruvrk m a star co!\f jguration with 
ARC beijig the center node. U;1/AIjOII\ . id AlasXa were to operate as rcrote 
terrai'uls accessing the ARiVX-NlH' throus)\ Aj'^C, vith Uie ir'.terfacc cor^xiter at 
AJiC pcrfonamg necessary error detection, ressagO formttmg, aivl network 
protocol, sin^ilar to the fujictioning of the Interface Message Processor (OT) 
in the ARPAMT. During this phase Alaska was not able to operate but tJie AUJl/V 
terminal did access the ARTAMT tlw^gh the A:;C ground station. T.ie ground 
station at Ult/AUJ'A used an Mm\ Terrr.inal Control Unit ccnrected to th? .Vw 
Forrwitter/S>iichronizer Unit. The terminal usixl was a standard Model 33 m*. 
Tho AIXJU TCJ perfoms the necessary packet buffer ng and control functions and 
the unit used uas a standard unit from tlic local AIXIU ground system. Tlie 
comixitcr at AIX performed Uic sane function as those LTplcr.cntcJ m the ?2;Z3rjNE; 
error checking, tra'isr^iission of acknowlcdc-^cnts, etc. Tests were radc at 20, 10, 
and 2 KBPS. Througliput at 20 KEPS was ver)- poor, of variable (pality at 10 KEFS, 
and usually good at 2 KBrs. Ifouevcr, even at 2 KKl'S one out of four packets 
frequently wTJuld Juve errors, inculcating the burst nature of the noise. Sere 
intercstuig effects due to linc-by-line buffering were noted. ^ If one is accus- 
tomed to cliaiacter-bycl^racter tnmsrr^ission and feedback such as is erploycxl 
on Uic /VRPAMT, the line-by-Une. n <ie focls q'Jite awk\»urd. A IXXJIS prcccdure 
to a host was carplicat^ti b> the delays involves! m prcket transfer bct^^ccn Uic 
ARC computer and tlie /WAMT. Also, significant delays wei;e incurrtxl by the 
ackjiowlcd^yicnt proccxlure over tne s.-tclliie lii\k. The overall result wtis that 
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if one %aitod for • response frco the net before entering his identification ond 
password, he uculd* be automatically tincd out. One soon learned to provide all 
t]\e ncccsnary login infV)mation in one packet to avoid a timeout or autologout. 
• wc\'cr tins problon uTXild be q^Jite awVward for a user not fully familiar with 

Lkoik protocol, who dq>C!Kls on some response fron the network to guide him. 
S'^;^c efficient protocol for haixlling character-by-character transmission over 
the satellite network is uxlicatcd if rcnotc tenninals nre lo access the ARPANOrr 
directly over the satellite luik. A conprosnisc may be to use a data concentra- 
tor at each satellite ground station. Ucrefore, irtplc^cntation of TIP-or IMP- 
typo r.jclunes at s.ncllite nodes bccosrcs of greater interest. Tins leads to 
tl:c sccrrsd phase of the burst cc-irinications experiment, which has recently 
been ill mated, 

riu&c II consists of inplcicnting a fully connected network between ARC, 
Ul/ALan, a:.d University of Alaska. This inplies not only the connection of 
ccch satellite ground station to its own comjHiter, but also the dc\'eloiDent of 
efficient protocols. A special buffer interface unit was received by UI!/ALaiA 
fror ARC in Jaly, 1973. V\is unit was developed to allow interfacing the ALOIA 
fr-Mj^M to the ATS-1 groujid station. The equijment setup, shown in Pigurc 4, 
showb the interface arrangcrient. T^ie ATS-1 channel is nulti;acxcd in with the 
AUJIA giounJ syitm cluiuel and tJus must contend with it for access to tJ.e 
W:j:irX. T1.:s is a tcr.;x)rary arrnngc-ment and the ATS-1 clwinnel wjll be provided 
Kith Its o-.T^ pcit to the MI?aj!U>X as soon as traffic warrants. Tlic interface 
buffer isoL^tes the ATS-1 cJunnel from the MLMIWXE clunncl so that variable 
data rates nay be tTplo>ed on the satellite clunnel without effecting the 
^tJ<l:rJ*X clunrel data rate. The buffer is designed to store and forwnrd full 
packets only. / 

Tcchnic^U^roblt-ns w;th the buffer interface harduare and delays in imple- 
rcntipg the rt-cessiry software in the >2.Mirj:^ delayed operation of the satellite 
link thrcjch the >ajaJtTl until Jaivaary, 1074. Very little test tijne was available 
durK^g January, 1974, duo to jriority use of t,he transponder by NASA for 
its SK^L\B LAi erijient. Tu\} test. i shaUd^get undenvay in Fcbrunry, 1974. It 
should be loir.tcd out tl-at throughout the axpcrunent veiy little test tijne has 
been available on ATS-1. The test sclicdule has been only 120 minutes per week, 
consisting of 40 muiutes each on y^dAys, ;Vixinesdays, and Fridays. Additioiul 
test tire ^us recently been obtained for future testing. The University of 
Alaska shcjld be operulioiul soon as a network nale, using a NO\'A II computer 
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as their comini cat ions processor. SiiKe University of Alaska has its own 
half'Iwur of tine allocated imcdiately following the 40 miiute ARC^ALQIA 
period » this tijne will often be available for the cacperinental tests. 

During pJuse II, the satellite network will be developed in two increments, 
the first uicrcrcnt, presently underway, is for ARC to act as a rcnote terminal 
coruicctct] to the W/AiaiA MDaJirX. This is just the opposite the roles played 
durins the initial tests, vlicrein ai\ AIX?!L\ temiiul was accessing the AJIC TIP 
over the satellite link. This arrangcrcnt vrlU allow ARC to gain experience 
in accessing the tine iJiaring system (ISO) cjnployed on the University of Hawaii 
360/6S computer, through the ^a:^O^J^\E. During this test period, software 
work will proceed at LH/AljaU whicJi will allow the ML\DIUNE to receive acknow- 
lc^:^;u•;lts frcn or AlasJii. Thi* ACK capability in the ha'^MaiU>a: will hope- 
fully be operational by late Mjrch, 1974. In addition, a new packet fomat for 
tJic Afb-1 network will be dcvclopul to allow routing of packets on a distributed 
network. The priruiry difference of this new packet format will be the cnploy- 
ncnt of both destiaition and originator ID'S. It is expected tlut the separate 
ATS-1 port on the >IM1UN3: will be implcncnted when this new format is put into 
effect, in orOcr to more effectively separate the ATS-1 network from the local 
AljCIU network. In fact, a separate ca^ijutcr is seriously being considered for 
use on the ATS-1 network in order to provide full isolation of the two networks. 
The second increment will involve putting the distributed network mode into 
operation. Vsith the netvork opcraiing in this mode, experijncnts will be directed 
t n»tird the devcloji^ent of effective protocols through testing of new algorithfns. 
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ATS-1 COr-'iPUTER COIWUNICATIONS EXPcRU'INT 

•* 

OBJECTIVES 

The proposed experinent Is designed to <!efxnstrate the feasibility 
of utilizing satellite corrounl cation links to provide ccrputcr- 
computer and terminal-computer ccrrrr.uni cations between rcrotcly 
located sites. In order that the experiront be conducted 
under realistic conditions, ccrputing facilities at the 
University of Hawaii (t'H) and the University of Alaska (l)A) 
will be connected to the Advanced Research Projects Agency (ARPA) 
computer net via an ATS-1 \HF link to the NASA-Arics Research Center 
(ARC). This experirent provides detailed information concerning 
the characteristics of the satellite link and the perforrance of a 
unique con;r,un1 cation system under actual^ operating conditions. 
The experiment has the potential of providing, on a temporary basis, 
UH and UA access to the lUIAC IV and other resources connected to 
the ARPA coniputer. network, as well as providing ARPA network 
access to the BCC-500 computer at UH. 



RATIONALE 

' Developments In remote access computing during the latter part 
of the 1960's have resulted in increased enphasls on remote 
time-sharing, rerrote job entry, and networking of large Information 
processing systems. The present generation of con-puter-ccnrynicati^ 
systems Is based on the use of leased or dial-up coimon carrier 
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.facilities, primarily wire connections. These systems offer 
nearly optimum performance for applications requiring the 
trans?i1ss1on of digital data at relatively constant rates, 
Under these conditions, the use of a satellite coxnunlcatlon 
link would offer I substantial advantage only If the satellite 
link Is less expensive than the conventional common carrier 
facility It directly replaces. Tor many remote processing 
applications, ho.rever, data flows in bursts. Interlaced by long 
periods of silence. These applications Include the use of remote \ 
Job entry stations and interactive computer consoles. Typically, 
these devices require private communication links, and the cost 
of cor;r-jnication ray exceed the cost of computing, particularly 
when long distances are involved. This difficulty can be 
alleviated scmewlrat by mul tiplexing and data concentration If 
several of these devices can be placed in close proximity 
to each other. When this is not feasible, other techniques for 
Ir.crcosing the efficiency of bandwidth utilisation must be 
sought. One su^ technique is being investigated in the development 
of the ALOHA system at the University of Hawaii. 

In the ALO:{A system up to 500 remote terminal devices will be 
connected to a large tifre-sharing computer, the BCC-500, via 
two 100 kHz WF channels. One channel is reserved for messages 
frora the eCC-500 to the terminals; the other for messages In 
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the opposite direction. KcsscSes frojn the BCC-5C0 are buffered 
and time multfplcxod to the teminals by a HP 2n5A minl-ccrputer. 
Messages frcn the temlnals to the BCC-500 cannot -be multlpfexed 
In such a direct namer, however. The ysc of standard 
orthogonal multiplexing techniques (such as frequency or tir.e 
division rnultlplexing) results In the sstto Inefficiencies found 
In Conventional coTion carrier syster;is. Other techniques are 
more complex (expensive) and stm do not solve the problen of 
Inefficiency caused by the burst, low duty cycle nature of the 
messages. This situation led to the use of a random access mode 
of operation v.h1ch requires no special central control or 
Synchronization. It relies, Instead, on a simple error detection 
technique and the retransnlsslon of erroneous rressages. Message 
errors are most likely caused by rendon Interference between 
users. 

Because of the sinllarltles In data transmlsston requirements 
. between the ALO^HA system and the proposed experinent, and the 

Unique solution to these requirements offered by the burst mode, 
, rando::^ access concept of the ALOHA system, nany of Its features 
are Incorporated In the expcrlrrent design. However, the scope 
Qf this experiment extends beyond the ALCHA system, not only In 
the use of the satellite link and the solution of unique problcas 
Involved therein, but also In the fundamental design to provide 
a complete conputer networking capability. This Is especially * 
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Inportant because the Increased ground terminal expense 
for a setenite link would not be economically Justifiable for 
the limited ALOHA application, and because of the need for a 
conputcr networking capability to such outlying areas as Hawaii 
and Alaska where leased broadband lines are prohibitive^*' 
expensive. As satellite comunlcation costs. decrease It Is 
possible that rany wire-based comnunlcatlon links will be replaced 
by satellite links for the conputcr ccmmunlcatlon networks of the 
not-so-distant future. Because the base-band concepts of this 
expcrlncnt will not change, it will be directly applicable to 
radio frequency bands other than VHP, and, therefore, to such future 
applications. With current needs and such future potential In mind, 
the cxpcrineot Is designed to be fully compatible with the ARPA 
lietwork'which Is the largest and most successful conputcr network 
in use today* 

3. DlSCp.iptiou of SY$TEH 

3,1 Data Organization . The Initial satell1t< communication link 

will be between ARC and UH, with the UA link added later In 
the experlrrent. Final system evaluation will be for the 
AnC-inuUA net. Interface between conputers or terminal 
equipments and the link 1$ provided l>y a POP-11 ffllni- 
corputcr. This machine performs necessary message formatting 
*and network protocol, similar to the functioning of the 
Interface Message Processor (W) In the ARPA net. As 
many satellite-peculiar functions as possible will be 



p€rforrcd In hardware, keeping the IM? and POP-11 functioning 
nearly Identical. This Is done to slrrplify possible future 
replacenent of the POP-ll by en W, For the duration of 
the experlrent, the POP-11 will also ronltcr network status 
and tabulate link end user statistics. 

Messages of varying length are given to the POP-11 by 
users for transmission over the net. These nessages are 
formatted Into smaller packets, If necessary, before 
transmission, and are reasse^nblcd at the destination. 
Sync, routing, and message Identification are adJcd to each 
packet, along with a cyclic parity chock code which 1$ used 
by the receiver for error detection. A transmitted data 
packet Is Ignored by all receivers except the one for which 
It Is addressed, and 1$ acknowledged If, and only If, It was 
received without error. A message 1$ retransmitted If the 
expected acknowledgement is not received within a given 
Interval of tine. (The Interval Is different for each 
terminal to prevent repeated Interferences.) Because of the 
low downlink signal strength and variability of the channel 
characteristics, an error correction coJe will be added 
prior to transmission. The presence of this code will not 
be apparent In the other portions of the system. 
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3.2 System Hardware . A Simplified block diagram of the system 

hardware organization Is given In figure 3.2. A more con^plete 
description Is given below. ^ ^ 

3.2.1 POMi. The function of the PDP-11 1$ described In section 

3.1. This 8k, 16-b1t mini-computer will operate unattended. 

For Initial phases of testing, the PDP-11 will be replaced 

by a sr^ll test set which Interfaces directly to the 

transmitter (or encoder) and generates pre-prograrrmed messages 

continuously or at specified Intervals. An error counting 

capability Is also provided with the test set. 

», 

3«2«2 Trans>n1t Interface Hardware . A Small Interface device Is 
required to provide parallel-to-serlal conversion from the 
PO?-n for transmission. This hardware also generates 
the cyclic parity check bits and appends them to the end 
of the packet. , 

3.2.3 Convolution.^ Cncodcr . In order to maintain the minimum 

required data rate of 5 kbps without excessive retransmissions 
due to channel errors, error correction coding Is necessary. 
The short constraint length convolutlonal code tentatively 
.selected (K"4) Is capable of about 4.5 d8 gain with maximum 
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lUellhood decoding at an output bit error rite of 1x10"'', 
for errors caused by systen noise and anticipated auroral 
Interference. Randon decoder errors and errors caused {)y 
message Interference and burst Interference are of the 
type that the cyclic parity check code was designed to detect. 
It Is expected that the system undetected error rate will be 
compatible with the lxl0->2 value specified for the ARPA net. 

« 

A bit synchronizer prearrble and decoder sync bits are added 
to the beginning of an encoded data packet, and a constraint 
length of zeroes Is encoded at the end for reliable decoder 
termination. 

3.2.4 fadulator/Trahsnltter . To minimize receiver lock-up t^me, 
which Is necessary for the burst mode of operation, while 
keeping the RF receiver simple, PCM/FTI modulation and 
discriminator detection will be employed. Discriminator 
detection causes only 1 dB degradation from optimum PCM/FM, 
provided the deviation ratio and the receiver IF bandwidth 
Is optlnized for the bit rate used. The transmitter section 
frc-n a General Electric CoT^piny cormcrclal -grade transceiver 
operating with an output pov/er of 330 watts on a carrier 
- frequency of K9.2 will be used. A sinple modification 

to convert the trani-nltter to frequency modulation is necessary; 
th1$ has been designed and tested. 

9„ . J ^ 
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er. To mInlmUe receiver lock-up tlire, 
for the' burst mode of operation, while 
liver simple, PCM/m modulation and 
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3.2.5 Trans"i1tt1ng Antenna . A four-bay crossed dipole array ^ 
vhlch prov1<?cs circular pola'^lzatlon and 17.0 dB gain will 

be used for transnisslon. Although the satellite antcn-^a 
Is llnoarly polarized, circular polarlzatlon'of both ' \ 
ground transnitting end receivirg antennas with the atte'\p<^ont 
3 dB polarization loss is nccessa'-y beca-jse of tfie varying 
Faraday rotation of the signal. P.inual antenna pointing M 
facilitated by rotators In both the azinuth and elevation - 
axes. 

3.2.6 Satellite Channel . The ATS-1 geosynchronous satellite, 
which provides both C-band and VHF transponders, w2s 
selected for this experlrent because of Its e^sy access 
from Hawaii, Alas^^a, and California. AUhcugh the 5-10 i^bps 
data rates supported by the VHF link are only marginal for the 
proposed experir^ent, VHF was selected because the PF portion 

^ of a ground terminal is ninirral In cost for \'HF v/hen corparcd 

to C-band; also, VHF terminal equiprr.cnt already Is ava^ble 
In Alaska. \^ 

Several characteristics of the satellite and VHF frequency 
band require special consideration In the systcn design. 
The ATS-1 transmitter Is usually operated In the so-called 
* -^half-power rode, which Is actually 6 dB below full power, 

or currently, 41.8 dBn^. To mnimize restrictions on satellite 
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u$e» the link !$ designed for this mode of operation. 
Additional attenuation Is caused by spin modulation of the 
VHF antenna array. For the half-power mode, this amounts to 
about 4,5 dB per satellite revolution, at the ARC locatu^*>. 
The galactic noise temperature at VHP varies, depundlng on 
the ground antenna pointing angle relative to the center 
of our galaxy; this is a function of the tire of day and 
year. Although vart^ble bit rates could be used to compensate 
for this variation, non-optlmjn receiver bandwidth utilization 
Mould result. In addition, all terminals M)uld^ have to operate 
at the bit rate of the poorcst^link. Therefore, a fixed bit 
rate and v.x)rst case sky tenperature have been used in the 
system design. Finally, propagation anomalies and local 
Interference may produce fading and burst error properties 
In the channel, and particular attention must b^ glvun to 
auroral Interference In the Alaska link. One of the experiment 
objectives v/111 be to determine how effectively system design 
can compensate for these anomalies. ' 

It Is planned initially to use only a single channel In a half- 
djplex mode of operation. This Is necessitated by the non- 
linear po>»er conpression characteristics of the ATS-1 
transponder. Co^^'pensation to provide full duplex operation 
•would require tedious adjustrcnt of ground transmitter power 
levels because of the low power margin available. For the 



ERIC ' 



A-12 

single channel mode, each user risks Interference. by other 
users which requires subsequent retransnlsslon. The 
possibility of protecting the high-use AT^C trans-nit link by 
using a separate frequency channel and Increased power will 
be Investigated. For this rrode, the channel will still be 
essentially half-duplex since an outlying transmission 
occurring simultaneously with an ARC transmission w1^^ i>e 
compressed below the system threshold. 

« 

Receiving Antenna . A 4-bay crossed dipole array Identical 
to the transmitting antenna will be used for receiving. 

Recelver/De-iodulator . The narrow band receiver fro.i the G£ 
transceiver will be used for the experiment. Since this 
unit was designed for voice .operation, a nur.ber of rodi- 
fications have been made to provide for opt^mun operation 
at 10 kllo-Syrr^bols-per-second. However, tests Indicate 
perfonrance equivalent to much more expertsive receivers can 
be obtained^ 

Bit Synchronizer . An V'S{ node! 720 bit synchronizer is proposed 
for use by the experiment. This unit provides the "integrate- 
and-dunp" voltage output required for decoding and the very fast 
-acquVvition ti'^e necessary for efficient burst rede operation.* 
Bit sync acquisition will be aided by the use of a Ideal 

:i8 
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oscmatop whose signal empHtude ewJ frequency are set to 
the approximate received signal level and syinbol rate. Bit 
sync stability will be maintained by gating this slgnal.- 
Klth the receiver output according to a prc-sct receiver 
AGC level, thus reducing bit sync acquisition time. 

3.2.10 Docorier . Maximum likelihood decoding of the K-4 convoluMonal 
code Is relatively slrrple and straightforward for the low 
data rates Involved. This appllcatio" requires the addition 
nf a phase and sync resolution circuit for the burst mode of 
operation. 

3.2.11 Receive Interface Hardware . PDP-11 receive Interface hardware 
consists of a serlal-to-parallcl buffer and parity ch'^'-k logic. 
Parity violation will be signalled by a program Interrupt. 

3.2.12 Sfl e^CA Cynruter . The ARC Systems Engineering Division SEL 
8^0A computer w^ll be used throughout the Initial phases of 
testing to perform detailed monitoring of link characteristics. 
Rc^l-tiine error tabulation and data recording will be provided 1 
addition to extensive off-line statistical analysis of link 
characteristics. In the final system configuration, the 840A 
will be connected to the ARC PDP-11 as a user computer. 
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4. LINK PCtTR SUDGrr 

The downlink pawer budget Is presented In table 4.1. Under 
worst case conditions, the Input bit error rate at the decoder 
Is 1.^x10"^ The upHnk effective radiated power* of 66 d5:n' is 
4 dQ above the level required to saturate the satellite receiver. 



1. Average satellite transmitter EIRP (1) 41.8 dE^^ 

2. Spin nod'jlation loss for'minlnuni signal 2.2 d3 

3. Space Loss (f - 135.6 KM, R ■ 38.000 km) 165.7 dB - 

4. Receiving antenna gain 17.0 dB 

5. Polarization loss ^ 3.0 dD 

6. Receiving circuit loss 1.0 dS 

7. Total received power, S -114.1 dEn 

8. Receiver noise spectral density, Hq -166.8 dSn-Hz 

(T • 1500*'K) (2) 

9. Bit rate (1/T) (10k sytnbols/sec) (3) 40.0 dB 
10. ST/Nq; - 1.4x10-3 (4) 12.7 dB 



NOTES: (1) Regulator II only 

(2) 50D*K Prcarp tcnp. 
500-1 OCO'C Sky ter^p. 

(3) Rate 1/2 convolutional co^ic; 
data rate * 5 kbps 

(4) PC;yFM experimental data 

error rate output of d^odcr < 10*^ 



Table 4.1. Power Budget for Satellite to Terrlnal 
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5. ijpmnuj CE\TLO?t<t?rr plan . ^ * * 

The experiment objectives win be met by pcrfoming a nu?nber of 
major subtasks which are Identified below. Figure 5 lists these 
tasks In detail with milestones and time schedule, assuming; 
cxpcrlr.ent approval and satellite test tine are granted as 
requested. 

5.1 Establish simplex (ARC-ATS-ARC) link at ARC: Develop test 
set hardware, test and select equipment, determine satellite 
link characteristics, optimize |Sys tern parameters. 

5.2 Establish half-duplex link be^tween ARC and UH: Provide 

test set, transmitter, antennas, receiver, and bit synchronizer 
for loan to UH. Detemlne characteristics of link and effect 
of sifnultaneous transmissions. 

5.3 Upgrade RF terminal for burst node operation: Determine trans- 
mitter, satellite, receiver, and bit synchronizer characteristic^ 
in burst rrode and th^ subsequent requirements for data formatting 
and decoder sync recognition. Design and fabricate burst 

mode control logic for transmitter, receiver, and bit 
synchronizer. * — 

5.4 _ Add error correction coding to link: Design and fabricate 

hardware for coding. Evaluate Us performance over the 

Er|c 3\ 
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I will be mtt by performing a nyijber of 
Identified below. Figure 5 llstsVhese 
es tones and time schedule, assuming; 
satellite test tine are granted as 



ARC-ATS-ARC) link at ARC: Develop test 
and select equipment, determine satellite 
$, optimize system pararreters. 

ex link between ARC and UH: Provide 

er, antennas, receiver, and bit synchronizer 

iternlne characteristics of link and effect 

msmlsslons. 

for burst mode operation: Determine trans« 
receiver, and bit synchronizer characteristic^ 
\ht subsequent requirements for data formatting 
^cognition. Design and fabricate burst 
for transmitter, receiver, and bit 



coding to link: Design and fabricate 
Evaluate Its perfornance over the 
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satellite link In continuous mode. Upgrade to burst mode 
with necessary formatting of data and decoder sync 
recognition logic. 



5.5 Integrate POP-11 Into system: Detail POP-11 functional design. 
Design and fabricate receive and transmit Interface hardware. 
Develop software and Integrate into satellite link, 
end net at ARC. " "7 



5.6 InUgrate m Into net: Provide PDP-*11 and Interfaces for W. 
D^elop user software. Perform end-to-end tests. Tie Into 
ARPA net and test operation. 



5.7 Integrate UA Into net: Characterize UA link. Provide PDP-11 
and Interfaces for UA. Develop user software. Perform end- 
to-end tests. Tie Into ARPA net and test operation. 

'5.8 Perform multiple user system test and evaluation. Conduct 
controlled tests with UH and UA connected Into ARPA net. 
Determine system performance, maximum thru-put, effects of 
^Interferences, effects of propagation and system delays,* 
Improvements In protocols. Improvements In hardware and 
system design. 
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6* ATS PROJECT SUPPORT . 

6.1 Satcnite Ting . Subtasks Identified In section S requiring 
ATS-l satellite test time are shown In figure 6.1. A 
corr.pasltc of the tine required 1$ given bclo***: 



3 Jan 72 - 


2 Apr 72 


3 days/week, <0 nin/day 


3 Apr 72 - 


29 Oct 72 


3 days/v;^eL, 60 min/day 


30 Oct 72 - 


9 Dec 72 


5 days/week, GO min/day 


10 Dec 72 - 


8 Apr 73 


5 days/v;eek, 120 nin/day 


9 Apr 73 - 


30 Oun 74 


4 days/week, 120 min/day 



6.2 Ground Station Support . Ko special ground support front the 
ATS Project Is anticipated other than configuring the 
Satellite to meet test requlrcr^ents, monitoring the tests 
on a dally basis, ar.J distributing satellite ephcmerls data. 

7. EXPERIftNT DATA . 

The experirr.cnt will provide data concerning: 

a) Suitability of satellite links for nultlple user, 
random access, corputer-conputcr coxnunkatlons. 

b) Effectiveness of experlr.ental systcn design to neet 
specific user requirements. 
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c) Problems of $j 
and dUcrnatit 

d) Design of a mi 
to other sate" 

e) Detailed sate 
the effects o 
on error rate 

f) Performance o 
decoder over i 

9) Gains in link 
modulation ani 
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c) Problems of system Ifplcrcntatlon with optlnal 
and alternative solutions. 

d) Design of a more generalized systen with application 
to otiicr satellite frequency bands.* 

c) Detailed sateUUe link characteristics, including 
the effects of fading and auroral Interference 
on error rate. 

f) Performance of the first quantized naxlmum likelihood 
decoder over a satellite link. 

g) Gains In link data rate by the utilization of efficient 
modulation and erro** correction coding techniques. 
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